Abstract. The aim of this study is to observe the differences between mechanical and electrical dyssynchrony in patients with impaired systolic ventricular function and symptomatic heart failure and to highlight the importance of mechanical dyssynchrony besides electrical dyssynchrony in clinical guidelines and clinical practice. Fifty-eight patients with heart failure, who are with the New York Heart Association (NYHA) functional class II-IV and left ventricular ejection fraction (LVEF) under 35%, were enrolled. Patients were divided into two groups, according to the duration of QRS complex (> 120 ms and 120 ms respectively). Echocardiographic parameters of interventricular (interventricular mechanical delay -IMD) and intraventricular (septal-to-posterior wall motion delay -SPWMD) dyssynchrony were measured in both groups. Results indicate that the duration of the QRS complex (i.e. electrical dyssynchrony) is not a fully reliable indicator of ventricular dyssynchrony; therefore ecocardiographic evaluation of mechanical dyssynchrony should also be recommended for better selection of candidates for cardiac resynchronization therapy (CRT).
Introduction
Ventricular dyssynchrony appears by altering of the electrical activation sequence of the heart or by myocardial ischemia [1] . Thus, left bundle branch block (LBBB) reflects a delay in the left ventricular systole and diastole compared with the electrical activation of the right ventricle. Early septal contraction leads to a dyssynchrone outward motion of the left ventricular lateral wall, so instead of contributing to the ejection of blood from the left ventricle, it acts as a ventricular reservoir. This contractile dyssynchrony of one or more segments of the left ventricle leads to mechanical dyssynchrony [1, 2] .
Multiple studies have proven the existence of statistically significant correlation between the presence of ventricular (mechanical) dyssynchrony and the prolonged duration of QRS complex (electrical dyssynchrony) [1, 3] .
According to the European Society of Cardiology's 2013 guidelines [4] , cardiac resynchronization therapy (CRT) has class I indication in patients with sinus rhythm in NYHA functional class II, III and ambulatory class IV heart failure, QRS duration > 120 ms and a persistently reduced left ventricular ejection fraction (LVEF < 35%), with optimal pharmacological therapy. CRT has class IIa indication in patients with atrial fibrillation and symptomatic heart failure (HF) (NYHA functional class III and ambulatory class IV), QRS duration > 120 ms and left ventricular ejection fraction (LVEF) < 35%, despite optimal pharmacological therapy. These guidelines state that echocardiographic evaluation should be used only for assesment of left ventricular systolic function, without any other contribution to determining the presence of mechanical dyssynchrony, the only dyssynchrony parameter used in establishing the indication for CRT being the duration of the QRS complex (electrical dyssynchrony).
Despite the existence of a significant correlation between mechanical and electrical dyssynchrony, it is widely known that these two types of dyssynchrony are quite different [5, 6] . Hence there are a number of reasons why echocardiographic assessment of mechanical dyssynchrony may be an important, yet easy, reliable and cost-effective parameter to measure in addition to electrical dyssynchrony and can be of value in clinical decisions regarding treatment of patients with HF, such as better selection of patients for CRT (given the fact that QRS duration has not entirely predicted response to CRT), lead placement, assessing response to CRT and optimizing pacemaker settings [5] .
Materials and methods
The aim of this study was to evaluate and compare the parameters of interventricular and intraventricular dyssynchrony (markers of mechanical dyssynchrony) in patients with wide (electrically dyssynchrone) and narrow QRS complexes, in order to establish how parameters of electrical dyssynchrony (i.e. wide QRS on surface ECG) correlate with those of mechanical (contractile) dyssynchrony.
The study was approved by the hospital's ethics committee, and written informed consent was obtained from each of the enrolled patients.
Fifty-eight patients with heart failure NYHA functional class II-IV and left ventricular ejection fraction under 35% were enrolled in a comparative, prospective study (authors own cases). All of the patients were admitted to the Cardiology Department of Internal Medicine Clinic IV -Târgu-Mureş, between January 2010-December 2013, for specific treatment of heart failure.
Patients were divided into two groups based on the duration of QRS complex: one group with wide (> 120 ms) and another with narrow ( 120 ms) QRS complexes. Age, sex, NYHA functional class, electrocardiographic (ECG) and echocardiographic parameters were registered in both groups. ECG parameters included the presence of sinus rhythm or atrial fibrillation and duration of QRS complex. Left ventricular end diastolic diameter (LVEDD), left ventricle ejection fraction (using Simpson's biplane method) and markers of mechanical dyssynchrony were assesed by echocardiography.
Echocardiographic evaluation and measurements were performed with an ALOKA Prosound α10 device, by the same examiner in each of the cases to reduce inter-examiner variations. Two dyssynchrony parameters were determined:
-Interventricular mechanical delay (IMD) for interventricular dyssynchrony -quantifiable as the time difference between preejection period for the left and right ventricles, measured by CW EchoDoppler method (IMD = left ventricular preejection period -right ventricular preejection period). -Septal-to-posterior wall motion delay (SPWMD) for intraventricular dyssynchrony, measured in parasternal short axis sections at the level of papillary muscles in 2D guided -"M" mode. 
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Results
Patients were predominantly male (86.2%), with an average age of 64.4 years. The main underlying cause for cardiomyopathy was ischemia (75.86%). Sinus rhythm was present in 67.24% of the cases, while 32.75% of patients were in atrial fibrillation. In 72.41% of the cases, underlying cardiomyopathy was in dilated stage (left ventricular end diastolic diameter -LVEDD > 55 mm), the mean LVEDD was 61.81 mm. Based on the LVEF, all of the enrolled patients had left ventricular disfunction, with a mean value of 20.2%. Forty-two patients were identified with prolonged ventricular depolarization (QRS > 120 ms) on the surface ECG performed at the time of admission to hospital (main characteristics of the two groups are shown in Table 1 ). Additionally, 27.58% of the patients had permanent ventricular stimulation with the lead placed in the right ventricle. According to distribution of NYHA functional class, 27.58% of patients were NYHA class II, 58.62% in NYHA class III and 13.79% in NYHA class IV respectively.
Overall, 46.55% of patients had positive criteria for interventricular dyssynchrony (IMD > 40 ms). In the wide QRS group, interventricular dysynchrony criteria were present in 52.38% of patients, while 47.61% had preserved interventricular synchronism (IMD < 40 ms). In the narrow QRS group, 31.25% of patients had interventricular dyssynchrony, while in 68.75% of the group no dyssynchrony parameters were detectable (see Table 2 and Fig. 1 ). Comparative analysis of IMD values between the two groups (wide QRS versus narrow QRS complexes) showed that there was no statistically significant difference between IMD values of the two groups (p = 0.222).
Overall, 74.13% of patients had positive criteria for intraventricular dyssynchrony (SPWMD > 130 ms). In the wide QRS group, 88.09% of patients had intraventricular dyssynchrony, while 11.90% had preserved intraventricular synchrony (SPWMD < 130 ms). In the narrow QRS group, 37.5% of patients were found to have intraventricular dyssynchrony, while 62.5% had normal intraventricular synchrony (see Table 3 and Fig. 2 ). Comparative analysis of SPWMD values between the two groups (wide vs. narrow QRS complexes) showed that there was a statistically significant difference between SPWMD values of the two groups (p = 0.027).
Discussion
There is a statistically significant association between the studied intraventricular dyssynchrony parameter (SPWMD) and duration of the QRS complex (p = 0.027), but not between interventricular dyssynchrony determined by IMD and duration of QRS complex (p = 0.222). These data are comparable to multiple similar studies [1, 3, 5, 6] . Results show that out of the two parameters, SPWMD is the more accurate and more reliable parameter to assess mechanical dyssynchrony.
Most patients (88%) with heart failure NYHA class II-IV, LVEF < 35% and wide QRS have intraventricular dyssynchrony (SPWMD > 130 ms), but 11.9% of them don't have intraventricular dyssynchrony (see Fig. 2 ) and an even greater proportion (47.6%) don't have interventricular dyssynchrony (see Fig. 1 ),
Z. Gyalai et al. / Echocardiographic evaluation of mechanical dyssynchrony in HF patients with reduced EF
S591
thus they could represent the group that would not benefit from CRT. These patients will most probably represent the majority of non-responders to CRT. Similar results have been obtained in other studies as well, where about 20% of patients with EF < 35% and duration of QRS > 150 ms did not meet the criteria of LV mechanical dyssynchrony [7, 8] . Parameters of mechanical dyssynchrony determined by echocardiography should be used as additional criteria in the evaluation of candidates for cardiac resynchronisation therapy, alongside current ECG criteria, because the echocardiographic method is a simple, reliable and reproductible method, which can be useful in detection of possible non-responders to CRT. Still, it is difficult to predict the group of non-responders and it may be neccesary to consider other parameters as well, like the etiology of the cardiomyopathy, QRS morphology and other possible factors, beside echocardiographic and ECG criteria [9, 10] .
Another important issue remains the fact that using QRS duration as selection criteria excludes a number of patients with narrow QRS (without electrical dyssynchrony), who could still benefit from CRT. In this study, an important percentage (about 35%) of the narrow QRS group with heart failure NYHA class II-IV and LVEF < 35% have mechanical dyssynchrony (37.5% and 31.25% considering SPWMD and IMD respectively). Other studies have shown similar results [5, 6, [11] [12] [13] [14] , using different evaluation techniques, approximately 50% of patients with heart failure and duration of QRS complex < 120 ms, meet the criteria for mechanical dyssynchrony [8, 15] and these patients show clinical improvement after CRT in some studies [16] . In another randomized, multicentric trial, CRT does not reduce the rate of death or hospitalization for heart failure and even may increase mortality in these patients [17] .
Conclusion
-There is a statistically significant association between electrical dyssynchrony (QRS duration) and intraventricular dyssynchrony, but not between electrical and interventricular dyssynchrony. -There is a group of patients with narrow QRS (without electrical dyssynchrony), who present important mechanical dyssynchrony at echocardiographic examination. These patients might represent a target group for CRT. Thereby, using the duration of QRS complexes as the only selection criteria for cardiac dyssynchrony in CRT candidates, without evaluation of mechanical (ultrasound) criteria, excludes a number of patients with narrow QRS who still might benefit from CRT in selected cases. -The group of non-responders to CRT might consist of those patients who have evidence of electrical dissynchrony (large QRS), but not of mechanical dyssynchrony. -The duration of QRS complexes alone seems to be an insensitive indicator of ventricular dyssynchrony, hence ultrasound evaluation should also be recommended for better selection of possible CRT candidates.
